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AFSIM — An Air Force
Satellite Interactions Model

I .  \ C Y I I N I ) E R  M O I)F L FOR SL~~TH.t

1.1 Introduction

I~ ellI~ es in gel svn( h~
- I I n  US or h ~t at app rox imately 6. 6 earth radii have been

found to charge  up electricall y during magnetic substurms (Deforest, 
1 Rosen2).

Th i s  c h a r gin g  proc( .- 5 , cal led spacecraf t  charging,  leads at t imes t o  discha rges
w h i c h  coup le rad ia ted  energy into spacecraf t  elect ronics , leading to c i r c u i t  upsets ,
m a l f un c oln of s a t e l l i t e s , and , on occasion , comp lete cessation of sa te l l i te  opera-
t i on .  It is nec f ssarv  to ca lcula te  the detai ls  of the spacecraf t  charging process
in order  to u n d er s t a nd  the ph ys ica l  pr o c e s s e s  t ak ing  place , to design spacecra f t
w h i c h  are less su scept ib le  to charging,  and for the purpose of t a k in g  account of
po ten t ia l s  in the sa te l l i t e  sheath in t h e  ana lys i s  of p a r t i c l e  and f ie ld  measu remen t s
by in s t rumen t s  on board sa t e l l i t e s .

The f i r s t  t heo re t i c a l  t r e a tmen t  of spacecraf t  cha rg ing  at geosynchronous orbit
was  ca r r i ed  Out by DeForest, 1 employing a current  balance method.  The sa te l l i t e
is t r ea ted  s i m i l a r l y tI  a Langmui r  probe in a plasma . Taking  into account back-
scat tering,  secondary emission , and photoemiss ion , the s teady-s tat e  f l o a t i ng

(Received for publ ication 19 June 1979)

I . DeForest , S. E. (1972) Spacecraf t  charging at synchronous orbit , J. Geophys.
Res . 77:65 1.

2. Rose n , A. (1975) Spacecraf t  CharginM: Envi ronment  Induced Anomal ies,
AIA A Paper 75-9 1, AIA A Conference, Pasadena , CA.
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2.3 Roundar~ (~~ri 1itit j, ~ for the ThxIc l

In SlIlvilIg i’, ’ l s S l b l I 1 :; equation, the IIlIt,i t i( l1 l I ’V (‘(lfldlt l(IflS must 1)1’ 515’I’ ified at

5 , 1 1 1 ’  f’adltis itt th~ fat’ plasilla (I
~~

) and I vet ’  some surface t)n (It’ within the space—
I’ r a f t . ‘l’he spacec raf t  i tself iS 111111105 11 as a conducting ‘~ Iinder’ comp letely sur—
1’ Ilfll ll I’I l by a d ie lt l l t rio 11Iy(’r , This al lows the cha t’ge distrihut ion (In tite surface

of t he spac€’ c ta i l  III be that Il(’tI’rm m e d  I nk’ 91 parto’  Ic impacts and emission

I I  I I’ IllIllIsms , s I t all, ‘ss s for the 5 9 ( 1 1  Scat  ion (If a unique f i x e d  poten t i 1 1  for t ite
j Ill I ’ I ’ I  I’ll it . ( S ‘not ’pi  01111 1’, the it ’  fl us , t he I W ( I  ht,unda ries a r e  c on c e n t r io  cy lmnde rs

‘a ith a 1 1  nst:I lIt  Potential ,,ti each. 1111w e v e r, nc’ither potential is necessar i ly ( ‘( In—

5111111 in t i m e . In part iculai’, if t he spacecra f t  potential is not fixed, it wi ll 11  float ’’

‘v ith res l l ( ’ ( ’t t ( l  t he outer boundar potential, d e p e n d i n g  tIn the i_ ha rge distr’ibut ion
in the mnte rS ’ l ’ l l i ng  r’( ’gm(ln.

If the boundary  I ’ hIt I l l i tmO f l  is left SIII(’IV in terms (If the potential on the interior
conduc t ing  cylinder (r H.) , then the rout inc for solving Poisson ’s equation must

also involve the conditions at tw ,t  interfaces: the conductor/dielectric interface

and the d ie lect r ic/vacuum inter face , However, if t he interior bour.dary c ondition

is t :‘ansfornied into a spec i fica t ion  ~tf the potential on the outer sur’face of the
spacecraf t  (r = H

1~
). t hen Poisson ’s equation need IlIlly be solved over a homo-

geneous region.

This t ransformation can be accomp lished by solving for the sturfaee potential

for t he c ase  of an isolated cha rge, given the potential at the outer boundary and 
•

t lte spe c i f i cat i o n  of the potential on the mnter ’ ior  conductor (‘ ‘ f loating’ or f i x e d

potential).  The solution for an arbi trary charge distribution is then the appi’(Ipt’illt( ’

superposition of solutions for isolated charges. (This  is essentially a Green ’s

function app roach.)

For a c harge q at (r e. °c~’ 
ivit h o 

~~ (1 
at r R

~ 
(t he inner conducting cy linder)

and ~ at r = R B (t he far plasma), the potential at (R
n. 0) (on the surface of  the

spacecraft ) is given by:

0) = tl
1 ~~~ 

~ a~ ~~ 
a 3 

q 
cos n (0 - 0 )

a 
2~~~(l . fl)  

R~ - ~~ i~~~ + 

~~
) 

i~~~
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